INTRODUCTION
============

Cirrhosis is a liver disease in which the hepatic architecture is destroyed, with fibrous septa surrounding regenerated or regenerating parenchymal nodules. Pathological examination of percutaneous biopsy remains the gold standard for assessing the extent of fibrosis and the progression of cirrhosis.[@B1],[@B2] Although percutaneous liver biopsy (LB) is relatively safe, it is characterized by significant morbidity (3%) and mortality (0.03%).[@B3] In addition, examination of LB may result in false negative findings due to inadequate liver samples.

Liver stiffness measurement (LSM) by transient elastography (TE) generates an elastic wave using a vibration delivered to the right lobe of the liver through intercostal spaces and measures the propagation velocity of the elastic shear wave in the tissue, which is directly related to liver stiffness.[@B4] This method was first developed to evaluate chronic hepatitis C virus (HCV) patients in France. Recently, LSM has been successfully used for the assessment of fibrosis in other chronic liver diseases.[@B4]-[@B12] Currently, although controversies still remain, LSM by TE seems to be a promising non-invasive method to estimate liver fibrosis.[@B5],[@B6],[@B13]

Ultrasonography (US) has been widely used for several decades in the diagnosis of cirrhosis.[@B14]-[@B23] Many attempts to assess hepatic fibrosis using US features have been made, with the aim of replacing the invasive diagnosis of cirrhosis. In a study by Lu et al, US examination indicated that the thickness of the liver capsule, maximum oblique diameter of the right liver, diameter of the splenic vein, and thickness of the spleen were correlated with the staging of liver fibrosis. While the use of isolated US factors lacks accuracy and reliability, the combination of multiple US features was quite sensitive and specific in the diagnosis of hepatic fibrosis.[@B24] Therefore, we developed an ultrasonographic scoring system (USSS) composed of 6 US features: liver surface and edge nodularity, parenchyma echogenicity, presence of right lobe atrophy, spleen size, splenic vein diameter, and abnormality of hepatic waveform.

In terms of their accuracy and reproducibility, both LSM and US have high potential as non-invasive techniques for the evaluation of fibrosis in chronic liver disease (CLD) patients.[@B4] However, no comparison study between US and LSM has been performed to evaluate their usefulness in predicting cirrhosis.

SUBJECTS AND METHODS
====================

Subjects
--------

From October 2007 to February 2011, a total of 230 patients admitted to the Wonju College of Medicine University Hospital with CLD who underwent LB were included in this study. The following features were prospectively measured and analyzed: age, sex, height, weight, etiology of cirrhosis, Child class, albumin, total bilirubin, prothrombin time, platelet count, LSM by TE, and 6 US features (liver surface and edge nodularity, parenchyma echogenicity, right lobe atrophy, spleen size, splenic vein diameter, and hepatic vein waveform). All patients were studied using the 2 non-invasive methods: TE (Fibroscan; Echosens, Paris, France) with a 3.5-MHz M probe and US (Prosound α10; Aloka, Tokyo, Japan) with a 3.5-MHz convex probe.

The Institutional Review Board (IRB) of the hospital approved the protocol, and written informed consent to participate in the study was received from all participating patients. The study was conducted according to the principles of the Declaration of Helsinki (revised in Edinburgh 2000).

Methods
-------

### Ultrasonographic scoring system

The USSS is composed of 6 US features ([Table 1](#T1){ref-type="table"}) that have been reported to demonstrate associations with the presence of cirrhosis and are currently utilized in clinical practice: liver surface and edge nodularity, parenchyma echogenicity, presence of right lobe atrophy, spleen size, splenic vein diameter, and abnormality of hepatic vein waveform. A single operator (S.K.B) performed the ultrasound examination to determine the USSS.

Because combined USSS has not been utilized widely in previous studies, no gold standard has been established for the selection of features to include in the USSS. Therefore, we measured 13 US features and analyzed the relationship between each feature and the degree of hepatic fibrosis. As shown in [Table 2](#T2){ref-type="table"}, 10 features demonstrated statistical significance levels of *P*\<0.05 in univariate analysis and 3 features (caudate lobe enlargement, splenic vein flow and gallbladder thickness) were nonsignificant statistically. A multivariate analysis for ultrasonographic features associated with cirrhosis was then conducted using binary logistic regression analysis. The factors with *P*\<0.1 in univariate analysis were included in multivariate analysis. In multivariate analysis, 6 representative sonographic features ultimately demonstrated statistical significance. We used the odds ratio resulting from multivariate analysis to weight the features in the scoring system.

The measurement and evaluation of the features was performed in accordance with methods described in the literature,[@B14],[@B15],[@B17],[@B19]-[@B24] which were scored according to the following criteria. Surface and edge were distinguished as smooth surface and sharp edge (=0), mild uneven or waveform surface and mildly blunted edge (=1), and undulated or irregular nodular surface and blunted edge (=2). Parenchyma was classified as homogeneous appearance (=0), heterogeneous appearance with fine scattered hypoechoic and hyperechoic areas (=1), and coarse irregular pattern (=2). Right lobe atrophy was considered absent (=0) when maximal oblique diameter was larger than 7 cm with no subphrenic ascites and present (=2) when less than 10 cm with subphrenic ascites. Spleen size was calculated from the craniocaudal maximal length and considered normal (=0) when less than 10 cm, mild splenomegaly (=1) between 10 and 14 cm, and splenomegaly (=2) when larger than 14 cm. Splenic vein diameter was measured as the largest antero-posterior diameter and considered normal (=0) when less than 0.7 cm, mildly dilated (=1) when between 0.7 cm and 0.9 cm, and frankly dilated (=2) when larger than 0.9 cm. Hepatic vein waveform was considered normal (=0) when triphasic and abnormal (=1) when bi- or monophasic. Ultrasonographic images of representative patients are shown in [Figure 1](#F1){ref-type="fig"}.

### Liver stiffness measurement

TE measures the liver stiffness in a volume that approximates a cylinder 1 cm wide and 4 cm long, and the results were expressed in kilopascals (kPa). The technique was performed by 2 operators (K.M.M. and M.Y.K.) with 4 years experience performing LSM by TE with a 3.5-MHz M probe and trained for proficiency by the manufacturer (Echosens, Seoul, Korea), who were blinded to the USSS results. At least 10 measurements were carried out in each patient. Measurements were performed on the right lobe of the liver through the intercostal spaces between 25 and 65 mm from the skin surface, with patients lying in the dorsal decubitus position with the right arm in maximal abduction. The median value (expressed in kPa) was considered as representative of the liver elastic modules.

### Reproducibility and inter-operator variability of USSS and LSM

To assess the reproducibility of this method, one operator (M.Y.K) evaluated day-to-day variability with repeated studies of both USSS and LSM in 10 healthy volunteers over 5 consecutive days by obtaining coefficients of variation (calculated by dividing the standard deviation by the mean and multiplying by 100). Thus, higher reproducibility is associated with a lower coefficient of variation. The inter-operator variability between the 2 operators (K.M.M. and M.Y.K.) for determining both USSS and LSM, expressed as a kappa value, was analyzed in 10 healthy volunteers.

### Histological examination

All biopsy specimens were analyzed independently by an experienced hepatopathologist (M.Y.C.) who was blinded to patients\' clinical data including USSS, LSM, and clinical data. LB specimens were fixed in formalin and paraffin embedded. Four-micrometer-thick sections were stained with hematoxylin and eosin (H&E) and Masson trichrome. LB specimens unsuitable for fibrosis assessment (LB length \<15 mm or less than 6 portal tracts) were excluded from analysis. LSM and USSS were performed on the same day. LB was performed within 1 day after USSS and LSM.

Histological fibrosis scores of the liver are a mixture of descriptions of fibrotic and architectural histological changes. We classified LB specimens into 5 categories with the application of the METAVIR scoring system: lack of fibrosis (F0), portal fibrosis (F1), periportal fibrosis (F2), bridging fibrosis (F3), and cirrhosis (F4).[@B25] The patient population was then divided into 2 groups: fibrotic change without cirrhosis (F0-3) and histologically overt cirrhosis (F4).

### Statistical analysis

A multivariate analysis for ultrasonographic features associated with cirrhosis was conducted using binary logistic regression analysis. The factors with *P*\<0.1 in univariate analyses were included in multivariate analysis using enter method.

Results are expressed as mean±standard deviation. Comparisons between clinical features, USSS, laboratory tests, and histological outcome (absence or presence of cirrhosis) were analyzed by the independent-samples t test. *P*-values less than 0.05 were considered statistically significant. Receiver-operating characteristic (ROC) curves of LSM and USSS for F4 cases were generated. Pearson\'s correlation coefficient was used for the correlation analysis. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS 18.0, Chicago, Illinois, USA).

RESULTS
=======

Baseline characteristics
------------------------

The general characteristics of study populations are summarized in [Table 3](#T3){ref-type="table"}. The mean age of participants (187 men and 43 women) was 50.4±9.5 years. Seventy-two patients (21.4%) demonstrated histologically no overt cirrhosis (F0-3), and 158 (78.6%) patients had fibrotic change with overt cirrhosis (F4). Sex, age, body mass index (BMI), etiology, albumin, and total bilirubin did not significantly differ between the 2 groups (all *P*\>0.05), but statistically significant differences were observed in USSS, LSM, prothrombin time, and platelet count (*P*\<0.05).

Fourteen patients (6.1%) were classified as F0 fibrosis stage (without fibrosis), 12 (5.2%) as F1, 20 (8.7%) as F2, 26 (11.3%) as F3, and 158 (68.7%) as F4. One hundred eighty-four patients (80.0%) demonstrated fibrosis stage ≥ F3 (advanced fibrosis). The median USSS and LSM (kPa) were 3.0 and 6.8 for patients with F0 fibrosis, 3.5 and 16.6 for F1, 5.0 and 9.9 for F2, 6.0 and 25.1 for F3, and 7.0 and 42.2 for F4, respectively ([Fig. 2-A and -B](#F2){ref-type="fig"}). In addition, both USSS and LSM demonstrated significant positive correlations with the histological grade of fibrosis (*P*\<0.001). Pearson\'s correlation coefficient for USSS and LSM was r=0.432 (*P*\<0.001).

Reproducibility and inter-operator variability of USSS and LSM
--------------------------------------------------------------

In 10 healthy control subjects, the coefficients of variation of USSS and LSM were 7% and 8%, respectively. The kappa values of USSS and LSM were calculated as 0.85 and 0.83, respectively, indicating excellent reproducibility and concordance between the 2 operators.

Correlation between USSS and histological grade of overt cirrhosis (F4)

The mean USSS scores±SD of F0-3 and F4 patients were 4.3±2.0 and 7.2±1.6, respectively (*P*=0.017). In the prediction of overt cirrhosis (F4), area under the receiver operator characteristic curve (AUROC) was 0.849 (95% confidence interval (CI) 0.782-0.916) ([Fig. 3](#F3){ref-type="fig"}). Based on the ROC curve, different cut-off values for USSS were determined. USSS ≥6 had sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative predictive value (NPV), +likelihood ratio (LR), -LR, and accuracy of 89.2%, 69.4%, 86.5%, 74.6%, 2.92, 0.15, and 0.83, respectively, in predicting F4. [Table 4](#T4){ref-type="table"} summarizes the best results for PPV, NPV, +LR, and -LR at different USSS cut-off values. Twenty-two (9.6%) of 163 patients with USSS above 6 or more had fibrotic change without overt cirrhosis (F0-3).

Correlation between LSM and histological grade of overt cirrhosis (F4)
----------------------------------------------------------------------

The mean LSM values±SD of the F0-3 and F4 patients were 22.1±19.5 kPa and 38.0±22.3 kPa, respectively (*P*=0.025). In the prediction of overt cirrhosis (F4), AUROC was 0.729 (95% CI 0.637-0.820) ([Fig. 3](#F3){ref-type="fig"}). Based on the ROC curve, different cut-off values for LSM were determined. LSM ≥17.4 had a Se, Sp, PPV, NPV, +LR, -LR, and accuracy of 77.6%, 61.4%, 83.7%, 51.9%, 2.01, 0.36, and 0.73, respectively, in predicting F4.

Correlation between USSS and histological grade of advanced fibrosis (F3-4)
---------------------------------------------------------------------------

The mean USSS scores±SD of F0-2 and F3-4 patients were 3.6±1.9 (n=46, 11.5%) and 7.0±1.7 (n=184, 88.5%), respectively (*P*=0.090). In the prediction of advanced fibrosis (F3-4), AUROC was 0.885 (95% CI 0.826-0.945) ([Fig. 4](#F4){ref-type="fig"}). Based on the ROC curve, different cut-off values for USSS were determined. USSS ≥5 had Se, Sp, PPV, NPV, +LR, -LR, and accuracy of 92.9%, 63.0%, 91.0%, 69.0%, 2.51, 0.11, and 0.87, respectively, for the prediction of F3-4. [Table 5](#T5){ref-type="table"} summarizes the results for PPV, NPV, +LR, and -LR at different USSS cut-off values. Seventeen (9.0%) of 188 patients with USSS above 5 were F0-2.

Correlation between LSM and histological grade of advanced fibrosis (F3-4)
--------------------------------------------------------------------------

The mean LSM±SD for the F0-2 and F3-4 groups were 11.8±5.8 kPa and 37.5±22.4 kPa, respectively (*P*\<0.001). In the prediction of advanced fibrosis (F3-4), AUROC was 0.884 (95% CI 0.827-0.940) ([Fig. 4](#F4){ref-type="fig"}). Based on the ROC curve, different cut-off values for LSM were determined. LSM ≥15.4 had Se, Sp, PPV, NPV, +LR, -LR, and accuracy of 81.82%, 79.17%, 95.58%, 44.19%, 3.93, 0.23, and 0.82, respectively, for the prediction of F3-4.

Diagnostic performance of USSS and LSM
--------------------------------------

[Table 4](#T4){ref-type="table"}, [5](#T5){ref-type="table"} and [Figure 3](#F3){ref-type="fig"},[4](#F4){ref-type="fig"} show the diagnostic performance and corresponding ROC curves of USSS and LSM for predicting overt fibrosis (F4) and advanced fibrosis (≥F3). Although LSM was a significant predictor of F4 fibrosis stage, USSS was superior to LSM (AUROC=0.849 vs. 0.729) ([Table 4](#T4){ref-type="table"}), and in the prediction of advanced fibrosis (≥F3), USSS was similar to LSM (AUROC=0.885 vs. 0.884) ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

LB has been regarded as the gold standard for estimating the severity of fibrosis and diagnosing cirrhosis.[@B1] However, noninvasive methods to estimate the stage of fibrosis have been developed,[@B26] because LB is an invasive procedure with risk of life-threatening complications.[@B3]

Recently, LSM by TE has been identified as a promising noninvasive measurement of liver elasticity, which has a significant correlation to fibrosis.[@B8] This novel method (with an average procedure time of \~5 min) is a safe alternative to LB for the evaluation of fibrosis in CLD.[@B4] Additionally, several studies reported that LSM appeared to surpass US in the prediction of cirrhosis.[@B27] However, LSM has some limitations, including the confounding effects of inflammatory activity and, to a lesser extent, steatosis on liver stiffness.[@B28] In the case of patients with narrow intercostal spaces, ascites, or elevated liver enzymes, inspection of liver elasticity is less accurate or unworkable.[@B4],[@B29]-[@B32] In addition, LSM findings should be carefully interpreted, because food intake and the respiratory cycle affect liver stiffness values.[@B33],[@B34]

US is an effective form of imaging that has been used by physicians for more than half a century.[@B35] Because of its low cost, ease of performance, and high patient compliance,[@B36] it has become the most common and valuable diagnostic modality for detecting not only parenchymal disease but also liver hemodynamics by Doppler imaging.[@B37] Hence, previous studies have evaluated several methods for the diagnosis of cirrhosis using various US features.

We conducted this study to clarify whether our USSS might obtain sufficiently accurate results in comparison to the histological findings for fibrosis and those obtained by LSM. Both USSS and LSM were positively correlated with histological fibrosis (*P*\<0.01). USSS demonstrated a larger AUROC value compared to LSM (0.849 vs. 0.729) for the prediction of overt cirrhosis (F4) ([Fig. 3](#F3){ref-type="fig"}). Thus, USSS may be slightly superior to LSM, although both USSS and LSM were able to assess cirrhosis and may serve as an important diagnostic tool in patients with CLD. Furthermore, a USSS cut-off value of 6 permitted the diagnosis of overt cirrhosis with sensitivity of 89.2% and specificity of 69.4% ([Table 4](#T4){ref-type="table"}).

This study has some limitations. First, the overall AUROC of LSM for the detection of cirrhosis (F4) was lower than that reported in previous studies, which may result from the more heterogeneous population of our study, composed of alcoholic liver disease, viral hepatitis, and cryptogenic hepatitis. Second, Liver stiffness is known to depend on the architecture of fibrosis, which is affected by its etiology. Further longitudinal studies should compare USSS with LSM among a homogeneous group with the same disease etiology.

In conclusion, this study demonstrated that our USSS is able to be a diagnostic tool to evaluate the degree of hepatic histological fibrosis as an alternative to LSM.
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![Ultrasonography images showing representative cases of ultrasonographic scoring system (USSS) parameters. (A) smooth and sharp surface and edge, score 0; (B) mildly irregular and mildly blunted surface and edge, score 1; (C) irregular and blunted surface and edge, score 2; (D) fine parenchyma, score 0; (E) mildly coarse parenchyma, score 1; (F) coarse parenchyma, score 2; (G) absence of right lobe atrophy (right lobe maximal oblique diameter \>7 cm with no subphrenic ascites), score 0; (H) presence of right-lobe atrophy (right-lobe maximal oblique diameter \<10 cm with subphrenic ascites), score 2; (I) spleen size \<10 cm, score 0; (J) spleen size 10-14 cm, score 1; (K) spleen size \>14 cm, score 2; (L) splenic vein diameter \<0.7 cm, score 0; (M) splenic vein diameter 0.7-0.9 cm, score 1; (N) splenic vein diameter \>0.9 cm, score 2; (O) triphasic hepatic vein waveform, score 0; (P) biphasic hepatic vein waveform, score 1; (Q) monophasic hepatic vein waveform, score 1.](cmh-19-389-g001){#F1}

![(A) USSS score for each fibrosis stage. The top and bottom edges of the boxes indicate the first and third quartiles, respectively, while the lines through the middle of the boxes indicate median values. The median USSS scores were 2.0 (range, 1-4), 3.5 (range, 0-4), 5.0 (range, 2-7), 6.0 (range, 4-9), and 7.0 (range, 5-11) in fibrosis stages F0-F4, respectively. (B) Liver stiffness measurement (LSM) values for each fibrosis stage. The median LSM values were 6.8 (range, 4.4-15.3), 16.6 (range, 8.2-17.3), 9.9 (range, 6.6-16.6), 25.1 (range, 11.8-48.0), and 42.2 (range, 15.5-75.0) kPa in F0-F4, respectively.](cmh-19-389-g002){#F2}

![Receiver operating characteristic (ROC) Curves Of The Usss Score And Lsm For The Prediction Of Overt Fibrosis (F4). The Areas Under The Roc Curves Of The Usss Score And Lsm Were 0.849 (Standard Error, 0.001; 95% Confidence Interval, 0.782-0.916) And 0.729 (Standard Error, 0.001; 95% Confidence Interval, 0.637-0.820), respectively.](cmh-19-389-g003){#F3}

![ROC curves of the USSS score and LSM for the prediction of advanced fibrosis (F3 or F4). The areas under the ROC curves of the USSS score and LSM were 0.885 (standard error, 0.001; 95% confidence interval, 0.826-0.945) and 0.884 (standard error, 0.001; 95% confidence interval 0.827-0.940), respectively.](cmh-19-389-g004){#F4}

###### 

Ultrasonographic and Doppler features used to evaluate liver cirrhosis

![](cmh-19-389-i001)

The total score from six ultrasonographic indices including surface nodularity and edge shape (0-2), parenchyma echogenicity (0-2), right lobe atrophy (0-2), spleen size (0-2), splenic vein diameter (0-2) and hepatic vein waveform (0-1) was calculated.

^\*^Right lobe maximal oblique diameter \>7 cm with no subphrenic ascites.

^†^Right lobe maximal oblique diameter \<10 cm with subphrenic ascites.

###### 

Results of uni- and multivariate analyses for the ultrasonographic features related to cirrhosis

![](cmh-19-389-i002)

A multivariate analysis for ultrasonographic features associated with cirrhosis was conducted using binary logistic regression analysis. The factors with *P*\<0.1 in univariate analyses were included in multivariate analysis using enter method.

###### 

General characteristics of the 230 study patients

![](cmh-19-389-i003)

Values are expressed as meas±standard deviation or number. *P*\<0.05 is denoted in bold. F3-4, advanced fibrosis; F0-3, fibrotic change without overt cirrhosis; F4, overt cirrhosis; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; USSS, ultrasonographic scoring system; LSM, liver stiffness measurement; INR, international normalized ratio.

###### 

Diagnostic accuracy of the ultrasonographic scoring system (USSS) for the histological grade of overt cirrhosis (stage F4)

![](cmh-19-389-i004)

Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio; USSS, ultrasonographic scoring system.

###### 

Diagnostic accuracy of the USSS for advanced fibrosis (stage F3 or F4)

![](cmh-19-389-i005)

Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio; USSS, ultrasonographic scoring system.
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